ABSTRACT: Syncuaria mycteriae n. sp. (Nematoda: Acuarioidea) was collected under the lining of the gizzard of a wood stork, Mycteria americana L., from the Area de Conservacion Guanacaste, Costa Rica. The new species can be distinguished from all known species of Syncuaria by having irregular dotted ornamentations on the caudal alae of males, a complex distal end of the left spicule comprising 3 protuberances, and a spicule ratio of 1:9.3. Preliminary phylogenetic analysis of 11 Syncuaria spp. based on 9 morphological characters produced 2 equally parsimonious cladograms with a consistency index of 85%, differing only in the placement of S. hargilae. The phylogenetic analysis suggests that the new species is the sister species of S. leptoptili, whose male members have a single protuberance on the left spicule. Furthermore, the analysis suggests that the plesiomorphic host group for the genus is Ciconiiformes, specifically Ciconiidae (host for 5 species), with 2 species occurring in Threskiornithidae (also Ciconiiformes), possibly as a result of cospeciation, and 2 species each occurring in Pelecaniformes and Podicipediformes, resulting from 4 episodes of speciation by host switching.
Species of Syncuaria
, parasitize freshwater piscivorous birds belonging to the orders Ciconiiformes, Pelecaniformes, and Podicipediformes, in which they are characteristically found under the gizzard lining (Wong et al., 1986) . Gilbert (1927) described the first species of Syncuaria, S. ciconiae, inhabiting Ciconia ciconia L. and C. nigra L. in Georgia. Skrjabin et al. (1965) recorded 9 species of this genus. A revision of the genus Syncuaria was made by Wong et al. (1986) , who regarded Skrjabinocara Kurashvili, 1940 , Chordocephalus Alegret, 1941 , and Decorataria Sobolev, 1949 , as synonyms of Syncuaria; 9 valid species were recognized, and 6 species were regarded as species inquirendae. Since then, 1 additional species has been added to the genus (Digiani, 1999) .
During June 1998, as part of an ongoing biodiversity inventory of the eukaryotic parasites of vertebrates inhabiting the Area de Conservacion Guanacaste (ACG) in northwestern Costa Rica (http://brooksweb.zoo.utoronto.ca/index.html), a new species of Syncuaria was collected from the wood stork, Mycteria americana L. This is the first report of Syncuaria from Mycteria or from Costa Rica.
MATERIALS AND METHODS
One wood stork, M. americana, was collected on 24 December 2001 and examined for parasites. Nematodes collected from beneath the lining of the gizzard were fixed in glacial acetic acid and preserved in 70% ethanol. They were later cleared in lactophenol for further examination. Drawings were made with a microscopy tube. Measurements were given in micrometers unless otherwise stated. Phylogenetic analyses were performed using standard Hennigian Argumentation (Brooks and McLennan, 2002) ; results were confirmed using the computer program PAUP 4.0b10*, implemented on a Macintosh G4 867 computer. Etymology: The new species is named after its host genus. Wong et al. (1986) recently revised Syncuaria thoroughly. The new species can be readily distinguished from all known species of the genus by having irregular dotted ornamentations on the male caudal alae, by having a complex distal end of the left spicule comprising 3 protuberances, and by having a spicule ratio of 1:9.3 versus a range of 1:2.1-6.0 due primarily to having a longer left spicule than other species. The new species can be further distinguished from S. ciconiae Gilbert, 1927, S. decorata (Cram, 1927) , S. diacantha Petter, 1961 , S. longialula Wang, 1976 , and S. plegadisi Digiani, 1999 , by the presence of lateral alae.
DESCRIPTION

Remarks
Among the species having lateral alae, S. mycteriae can be distinguished from S. bressoui Gretillat, 1970, and S. hargilae (Baylis and Daubney, 1923) in having a longer left spicule (1,410-1,600 vs. 331-351 in S. bressoui and 595 in S. hargilae) and thus a different spicule ratio (1:9.3 vs. 1:3.9-4.5 in S. bressoui and 1:3.2 in S. hargilae). It further differs from S. hargilae in having the vulva 346-361 versus 100-102 from the posterior end. The new species differs from S. buckleyi (Ali, 1957) in having longer left and right spicules (1,410-1,600 and 152-171 vs. 450 and 75, respectively) and in having a spicule ratio of 1:9.3 versus 1:6.0. The new species also differs from the latter in the number of pairs of postanal papillae (5 vs. 3).
The new species appears to be most similar to S. leptoptili (Gedoelst, 1916) and S. squamata (Linstow, 1883) by having narrow cordons consisting of wide-serrated, crescent-shaped cuticular plates but has a longer left spicule (1,410-1,600 vs. 850-920 in S. leptoptili and 880-1,020 in S. squamata) and thus a different spicule ratio (1:9.3 vs. 1:4.8-6.0 in S. leptoptili and 1:5.4-5.7 in S. squamata). Of these species, S. leptoptili is the only other member of the genus for which a nonsimple distal end of the left spicule has been reported, but S. mycteriae has 3 protuberances on the distal end of the left spicule (Fig. 5) , whereas S. leptoptili has only 1.
The monophyly of Syncuaria has not been established, but among acuarids, species assigned to this genus share the following traits only with members of Desportesius and Skrjabinoclava: monodelphy, vulva near the anus, and a short female tail. Members of all 3 genera also share more general traits of having anastomosing cordons. Desportesius spp. differ from Syncuaria spp. by having posteriorly expanded cordons that may be spined rather than uniformly thin or uniformly wide cordons, whereas Skrjabinoclava spp. differ from Syncuaria spp. by having narrow rather than well-developed caudal alae. Finally, the cephalic cordons in Syncuaria spp. are never recurrent, whereas they are reported as always recurrent in Desportesius and recurrent or not in Skrjabinoclava. We have summarized our above comparisons among species of Syncuaria phylogenetically on the basis of a suite of 9 characters listed below. Character states are taken from the revision by Wong et al. (1986) and the redescription of S. decorata by Baylis (1937) in addition to our specimens of S. mycteriae. Determination of plesiomorphic condition was based on out-group comparisons using primarily published reports of Desportesius and Skrjabinoclava:
1. Length of right spicule-0: 140-190; 1: Ͼ200; 2: 85-140; 3: 74-90.
2. Length of left spicule-0: 500-750; 1: 850-1,020; 2: 1,406-1,596; 3: 1,010-1,390; 4: Ͻ500.
3. Number of pairs of postanal papillae-0: 6, all papillose; 1: 5 papillose and 1 sessile; 2: 5 papillose and 2 sessile; 3: 5, all papillose; 4: 4, all papillose; 5: 3, all papillose.
4. Lateral alae-0: present; 1: lacking. 5. Cuticular ornamentation on caudal alae of male-0: lacking; 1: present.
6. Form of cervical papillae-0: bifid; 1: simple; 2: tricuspid. 7. Average spicule ratio-0: greater than 1:5 but less than 1: 6; 1: greater than 1:4 but less than 1:5; 2: greater than 1:3 but less than 1:4; 3: Ͻ1:3; 4: 1:9.3.
8. Cordon width-0: narrow; 1: wide (condition found in S. decorata and S. diacantha; for comparisons, see figures in Wong et al., 1986) .
9. Distal end of left spicule-0: simple; 1: 1 projection; 2: 3 projections.
Phylogenetic systematic analysis of these characters, all run unordered, produced 2 equally parsimonious cladograms (Fig.  7) , each with a consistency index of 85% (a tree length of 27 steps for 23 apomorphic character states). The trees differ only with respect to their placement of S. hargilae based on whether lateral alae, once lost, can be regained evolutionarily (represented by the reversal to character state 4(0) in Fig. 7b ). Some might consider characters 1, 2, and 7 to be different manifestations of the same trait, but the distribution of apomorphic traits on the trees suggests that they have evolved relatively independently. Finally, despite the very high consistency index in this preliminary analysis, basal relationships within the group are not well resolved, indicating that additional study of these species, as well as their putative sister groups, is needed.
DISCUSSION
This report brings the number of species of Syncuaria currently recognized as valid to 11. Seven of these species inhabit Ciconiiformes, 2 inhabit Podicipediformes, and 2 inhabit Pelecaniformes. Five of the 7 species inhabiting Ciconiiformes are parasites of Ciconiidae (storks): S. ciconiae in C. ciconia L. from Georgia (Gilbert, 1927) and C. nigra L. from Georgia and Czechoslovakia (Macko, 1964) ; S. bressoui in Leptoptilos cru-FIGURE 7. Two equally parsimonious cladograms for species of Syncuaria based on 9 morphological characters. Numbers accompanying slash marks on branches of the trees represent putative synapomorphies for characters and their states (listed in parentheses): for identities of characters and states see text. my ϭ S. mycteriae; le ϭ S. leptoptilos; sq ϭ S. squamata; bu ϭ S. buckleyi; br ϭ S. bressoui; ha ϭ S. hargilae; pl ϭ S. plegadisi; de ϭ S. decorata; di ϭ S. diacantha; ci ϭ S. ciconiae; lo ϭ S. longialula. Letters associated with line labeled ''Host'' represent orders of avian hosts: C ϭ Ciconiiformes, Po ϭ Podicipediformes, and Pe ϭ Pelecaniformes. menifer (Lesson) from Senegal (Gretillat, 1970) ; S. hargilae in L. dubuis (Gmelin) from India (Baylis and Daubney, 1923) ; S. leptoptilos in L. crumenifer from Congo and Nigeria (Gendre, 1919) and Senegal (Gretillat, 1970) and in C. ciconia and C. nigra from Czechoslovakia (Macko, 1962) ; and S. mycteriae n. sp. in M. americana (wood stork) from Costa Rica (this report). The remaining 2 species inhabiting Ciconiiformes are parasites of Threskiornithidae (ibises and spoonbills): S. diacantha in captive specimens of Ajaja ajaja (ϭPlatalea ajaja) from France (Petter, 1961) and in wild specimens of the same host from Cuba (Barus, 1966) , the United States (Sepulveda et al., 1994) , and Argentina (Digiani, 1999) and S. plegadisi in Plegadis chihi from Argentina (Digiani, 1999) . The 2 species inhabiting Podicipediformes are parasites of Podicipedidae (grebes): S. decorata in Podiceps auritus (L.) from the United States (Cram, 1927) , in Podiceps griseigena, Podiceps cristatus, and Podiceps nigricollis from Kyrgistan, Russia, and Azerbaizhan (Shigin, 1957; Iksanov and Dikambaeva, 1965; Vaidova, 1965) , in P. cristatus from Estonia (Jogis, 1963) , in P. cristatus and P. griseigena from Kazakhstan (Gvozdev and Kasimzhanova, 1965) , and in P. cristatus, P. nigricollis, and Podiceps ruficollis from Czechoslovakia (Barus and Zajicek, 1967) and S. longialula in P. nigricollis from China (Wang, 1976) . Finally, the 2 species inhabiting Pelecaniformes are parasites of Phalacrocoracidae (cormorants): S. squamata in Phalacrocorax carbo from ''Central Asia'' (Linstow, 1883) and Azerbaidzhan, Armenia, Georgia, and Turkmenistan (Wong et al., 1986) , in P. carbo and Phalacrocorax pygmaeus from Kazakstan and Romania (Roman-Chiriac, 1965) , in Phalacrocorax auritus floridanus from Cuba, and in P. a. auritus from Canada (Wong et al., 1986) and S. buckleyi (Ali, 1957) in Phalacrocorax niger (Vieillot) from India (Ali, 1957) .
The cladogram (Fig. 7) supports an interpretation that Ciconiiformes and specifically Ciconiidae are the plesiomorphic host groups for Syncuaria spp. Threskiornithidae appears to be the plesiomorphic host for the S. diacantha-S. decorata-S. plegadisi clade. Ciconiids and threskiornithids are sister groups, so it is possible that the common ancestor of Syncuaria inhabited the common ancestor of the Ciconiidae ϩ Threskiornithidae, but corroboration of this possible cospeciation event requires better resolution of the basal relationships within Syncuaria. The 4 species inhabiting Podicipediformes and Pelecaniformes each appear to have arisen as a result of speciation after a hostswitching event.
The specimens of S. mycteriae were collected from an ailing Wood Stork found nearly moribund in an open field. Like other members of the heron family, wood storks are commonly found around open areas of freshwater and marine water, where they can wade and search for small fish and crustaceans. The other hosts of Syncuaria spp. listed above have similar piscivorous habits, and all are associated strongly with aquatic environments. We expect to find additional examples of this parasite clade as we begin to collect more aquatic birds and seabirds living in the ACG.
